It is recognised that the mechanical ventilation of patients with acute respiratory distress syndrome can lead to further lung injury as a result of alveolar overdistension, alveolar collapse and re-expansion. The ARDSNet study demonstrated a reduction in mortality when patients were ventilated using a "lung protective" ventilation strategy of lower tidal volumes and plateau pressures. However, it may be that alternative ventilation strategies could provide better lung protection and outcomes for patients with ARDS.
It is recognised that the mechanical ventilation of patients with acute respiratory distress syndrome can lead to further lung injury as a result of alveolar overdistension, alveolar collapse and re-expansion. The ARDSNet study demonstrated a reduction in mortality when patients were ventilated using a "lung protective" ventilation strategy of lower tidal volumes and plateau pressures. However, it may be that alternative ventilation strategies could provide better lung protection and outcomes for patients with ARDS.
High-frequency oscillatory ventilation (HFOV) uses pressure oscillations at 3-15 Hz and very low tidal volumes. The application of a constant mean airway pressure maintains an open lung which optimises lung recruitment and the low tidal volumes avoid overdistension.
Recruitment manoeuvres involve sustained inflation to 30-40 cm H 2 O for 30-40 seconds and may improve lung recruitment. The technique has been demonstrated to be safe when used with conventional ventilation but studies have shown mixed results in terms of efficacy. The use of recruitment manoeuvres may be advantageous when used with HFOV because of the small tidal volumes and little tidal recruitment of the injured lung.
The TOOLS trial pilot study examined the safety, feasibility and efficacy of a ventilation protocol combining HFOV and recruitment manoeuvres.
Abstract
The study was a prospective, multi-centre, single intervention pilot study. 25 patients with early acute respiratory distress syndrome were ventilated according to specific protocols. The combination of HFOV and recruitment manoeuvres resulted in improvement in oxygenation and the ventilation strategy was well tolerated.
Study design
Inclusion criteria for the study were the need for invasive ventilation, the presence of one or more risk factors for ARDS, bilateral infiltrates on chest x-ray and a PaO 2 /FiO 2 ratio <200 mm Hg after 30 mins on conventional ventilator settings.
Patients were transitioned to HFOV with an initial cycle of up to three sustained inflation recruitment manoeuvres (40cm H 2 O x 40 secs). The ventilator was set to initially deliver a FiO 2 of 1.0 and a mean airway pressure of 30 cm H20 and then according to oxygenation there was a step wise reduction in FiO 2 and then mean airway pressure. Recruitment manoeuvres were repeated for hypoxemia and routinely twice daily if the FiO 2 was >0.4. Patients were returned to conventional ventilation when the mean airway pressure was 22 cm H 2 0 with a FiO 2 <0.4. Specific criteria were used for judging intolerance of conventional ventilation whereby patients were put back on HFOV.
Outcomes
Oxygenation was measured and used as a surrogate for lung recruitment. Patients were assessed for barotrauma and other complications to assess the safety of the treatment. The degree of protocol adherence was determined by examining definite protocol demands.
Results
The mean PaO 2 /FiO 2 increased significantly following the initial cycle of recruitment manoeuvres (200 ± 117 vs 92 ± 36 mm Hg p <. 001). After a mean of 12 hours of HFOV the mean FiO 2 was significantly reduced compared with pre-study levels (0.5 ± 0.2 vs 0.9 ± 0.1 p<. 001).
A median of seven recruitment manoeuvres were performed per patient. Only 8 of 244 recruitment manoeuvres were aborted, of which six were due to hypotension that recovered quickly with stopping the manoeuvre. In the other two cases no reason was specified.
Barotrauma occurred in five patients with two patients (8%) requiring chest tube insertion for pneumothoraces during HFOV. These episodes occurred on HFOV while patients were receiving mean airway pressures of 35 and 22 cm H 2 O. The time elapsed since the most recent recruitment manoeuvre was 11 and 70 hours.
Protocol adherence was good with compliance rates of >90% demonstrated for specific protocol interventions.
Discussion
The combination of HFOV and recruitment manoeuvres resulted in significant and sustained improvements in oxygenation. The design of the protocol makes it impossible to separate the roles of HFOV and recruitment manoeuvres on the oxygenation response. However, the oxygenation improvements were seen very early and the immediate differences that were seen pre and post manoeuvres suggest that the recruitment manoeuvres additionally contributed to oxygenation.
The authors state that oxygenation was used as a surrogate for lung recruitment. An improvement in oxygenation does not necessarily improve outcome, as demonstrated in the ARDSNet study. However, the method used to achieve oxygenation is important and improving lung recruitment with this ventilation strategy may translate into improved clinical outcome.
The recruitment manoeuvres were well tolerated on HFOV with only 3% being aborted. Barotrauma occurred in five patients but was not temporally related to the recruitment manoeuvres. The study protocol differed significantly from those used in previous HFOV studies in that a high mean airway pressure was used initially which was then titrated down. This is in contrast to the usual method of setting mean airway pressure relative to conventional ventilator settings and titrating upward. It is not clear if barotrauma is more common with this ventilation strategy. Other studies have demonstrated low rates of barotrauma with HFOV and the findings of this study may reflect variability occurring in a small sample number.
Conclusion
The combination of HFOV and recruitment manoeuvres for patients with ARDS is an innovative approach, which in theory has advantages over conventional ventilation. The strategy used in this study was effective in improving oxygenation, but improvement in outcome will only be demonstrated by a large randomised trial. This will require specific protocols, as used in this study, to compare the ventilation strategy with current lung protective strategies. The protocols used in this study were shown to be feasible, although safety of the technique and in particular the risk of barotrauma will need to be closely monitored. Further study, building on this pilot study, will continue to enhance our understanding of how to best ventilate patients with
